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FIG. 14

rx clk <= SpW S xor SpW D;

FFO <=
'l' when SpW D
'O' when SpW D
FFO;

'l' else
'Q0' else

'l' and SpW S
'O0' and SpW S

process (rx clk) begin
1f rx clk'event and rx clk='1l' then
FF2 <= FFO;
end if;

end process;
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FIG. 19
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SERIAL-TO-PARALLEL CONVERSION
CIRCUIT AND METHOD OF DESIGNING
THE SAME

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to a serial-to-parallel conver-

s1on circuit that regenerates a clock signal at a recerving end
on the basis of data and a strobe, to perform decoding.

This application 1s based on Japanese Patent Application
No. 2007-183444, the content of which 1s incorporated herein
by reference.

2. Description of Related Art

IEEE 1355 1s a conventional known interface standard for
space-based devices. Recently, “SpaceWire” has also been
proposed as a next-generation intertace standard for space-
based devices. SpaceWire 1s a denivative of IEEE 13355 pro-
posed by the European Space Agency (ESA) as a standard for

space applications; it 1s also known as IEEE 1355.2 (for
example, see U.S. Pat. No. 5,341,371).

For terrestrial applications, the IEEE 1394 high-speed
serial bus 1s widely used as an interface suitable for connect-
ing together audio-visual equipment, personal computer
peripherals, etc.

In IEEE 1355, IEEE 1355.2, IEEE 1394, and similar stan-
dards, a clock at the transmission end 1s recreated at the
receiving end from two signals, “data” and “strobe™, sent
from the transmission end; therefore, 1t 1s not necessary to
synchronize the clocks at the transmission and receiving
ends, which makes 1t possible to construct systems at low
cost. In addition, these systems offer advantages because of
their variable data transmission rate, such as compatibility
with various devices.

FIG. 15 shows an example configuration of a serial-to-
parallel conversion circuit used 1n the above-mentioned stan-
dards. In this serial-to-parallel conversion circuit, a clock
CLK 1s generated by taking the exclusive OR of “data D and
“strobe S” recetved from the transmission end. The clock
CLK 1s then mput to multiple stages of flip-tlops FFO,
FF1, ..., FFn constituting a shift register 100.

Accordingly, the mput data (“Data” 1n FIG. 16) 1s latched
in the tlip-flop FFO, provided at the first stage of the shait
register 100, at the rising edge of the clock CLK.

When implementing a conventional serial-to-parallel con-
version circuit, such as that shown in FIG. 15, 1n an actual
circuit, a delay occurs until the clock CLK and the input Data
are mput to the tlip-tlop FFO. As shown 1n FIG. 17, there 1s no
problem so long as the clock CLK arrives at the flip-flop FFO
aiter the input Data changes; however, as shown 1in FI1G. 18, 1f
the clock CLK arrives at the flip-tflop FFO before the input
Data changes, the Data level before the change becomes
latched 1n the flip-flop FFO, resulting 1n a so-called race
condition, where the original data to be latched differs from
the data actually latched.

One way to eliminate the race condition problem is to input
the clock CLK to the flip-flop FFO via a delay circuit. How-
ever, 1I the serial-to-parallel conversion circuit described
above were implemented with general-purpose program-

mable semiconductor devices, such as CPLDs (Complex
PLDs) or FPGAs (Field Programmable Gate Arrays), 1t
would be difficult to provide a delay circuat.

Moreover, when the phase of the clock CLK 1s delayed by
providing a delay circuit, the shortest bit period of the
received data 1s limited by the amount of delay of the clock
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CLK by the delay circuit. This 1s a problem because the
maximum reception speed 1s also limited by the amount of

delay of the clock CLK.

BRIEF SUMMARY OF THE INVENTION

An object of the present invention 1s to provide a method of
designing a serial-to-parallel conversion circuit, a serial-to-
parallel conversion circuit designed thereby, and a communi-
cation device 1 which a race condition can be eliminated
without limiting the reception speed.

A first aspect of the present invention 1s a method of design-
ing a serial-to-parallel conversion circuit including a clock
generator configured to generate a clock by taking the exclu-
stve OR of received data and a strobe, and a register group
including a plurality of memory devices sequentially latching
the data in synchronization with a rising edge and a falling
edge of the clock, the method including determining a rule on
the basis of the fact that logical values of the data and the
strobe are guaranteed not to change substantially simulta-
neously when the memory devices of the register group latch
the data and when the memory devices hold the data; provid-
ing a logical circuit configured to generate an output con-
forming to the rule at a data imnput side of the register group:;
and delaying data latch timing of the memory devices later
than timing at which data mnput to the memory devices
changes.

The mventors discovered that there 1s a rule between the
data and strobe latched 1n a register group 1n a serial-to-
parallel conversion circuit generating a clock at the recetving,
end by taking the exclusive OR of the received data and
strobe. Features of the present invention, achieved by focus-
ing on this rule, are the ability to increase the data reception
speed and to eliminate a race condition.

In other words, with this method, because the operating
rule of the memory device 1s obtained and a logical circuit for
generating an output conforming to this rule 1s provided at the
data input side of the register group, it 1s possible to set a long
valid period for the data input from the logical circuit to the
memory device. (For example, whereas the conventional
period 1s half the clock period, 1t 1s one full clock period 1n the
present invention; that 1s, the valid period of the data 1s twice
as long as the conventional period.) Accordingly, even when
providing the same type of delay circuits as those used con-
ventionally 1n the clock as anti-race measures, 1t 1s possible to
convert serial data with a higher speed than 1n the conven-
tional approach into parallel data.

In the method of designing a serial-to-parallel conversion
circuit described above, when the memory device mitially
receiving a signal 1n the register group latches the data at the
rising edge of the clock, the logical circuit may output O when
the data 1s 0 and the strobe 1s 1, may output 1 when the data 1s
1 and the strobe 1s 0, and may output a previous value when
the data and the strobe are both O or both 1.

In the method of designing a serial-to-parallel conversion
circuit described above, when the memory device mitially
receiving a signal 1n the register group latches the data at the
falling edge of the clock, the logical circuit may output O
when the data 1s 0 and the strobe 1s 0, may output 1 when the
data 1s 1 and the strobe 1s 1, and may output a previous value
when the data and the strobe have different values from each
other.

The method of designing a serial-to-parallel conversion
circuit described above, may further include setting a timing
at which an output from the logical device 1s latched by the
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memory device to an edge after a half-period of the clock
generated by taking the exclusive OR of the received data and
strobe.

By doing so, a delay circuit becomes unnecessary, and 1t 1s
thus possible to realize higher speed serial-to-parallel conver-
S1011.

A second aspect of the present ivention 1s a serial-to-
parallel conversion circuit including a clock generator con-
figured to generate a clock by taking the exclusive OR of
received data and strobe; a register group including a plurality
of memory devices and configured to sequentially latch the
data 1n synchronization with a rising edge and a falling edge
of the clock; and a logical circuit, provided at a data input side
of the register group, configured to generate an output con-
forming to a rule based on the fact that logical values of the
data and the strobe are guaranteed not to change substantially
simultaneously when the memory devices of the register
group latch the data and when the memory devices hold the
data. Additionally, data latch timing of the memory devices 1s
delayed later than timing at which data output from the logical
circuit changes.

With this configuration, because the operating rule of the
memory device 1s obtained 1n advance and a logical circuit for
generating an output conforming to this rule 1s provided at the
data input side of the register group, it 1s possible to set a long
valid period for the data input from the logical circuit to the
memory device. (For example, whereas the conventional
period 1s half the clock period, 1t 1s one full clock period in the
present invention; that 1s, the valid period of the data 1s twice
as long as the conventional period.) Accordingly, even when
providing the same type of delay circuits as those used con-
ventionally as anti-race measures for the clock, 1t 1s possible
to convert serial data with a higher speed than 1n the conven-
tional approach 1nto parallel data.

In particular, when using the serial-to-parallel conversion
circuit 1n a communication device, because the time required
for the memory device 1n the serial-to-parallel conversion
circuit to latch the data 1s a rate-limiting point for the com-
munication speed, it 1s possible to increase the communica-
tion speed (bit rate) by approximately a factor of two.

In the serial-to-parallel conversion circuit described above,
a timing at which the output from the logical circuit 1s latched
by the memory devices may be set to an edge after a hali-
period of the clock generated by taking the exclusive OR of
the received data and strobe.

By doing so, a delay circuit becomes unnecessary, and it 1s
thus possible to realize higher speed serial-to-parallel conver-
S1011.

In the serial-to-parallel conversion circuit described above,
when the memory device initially recerving a signal 1n the
register group latches the data at the rising edge of the clock,
the logical circuit may output O when the data 1s O and the
strobe 1s 1, may output 1 when the data 1s 1 and the strobe 1s
0, and may output a previous value when the data and the
strobe are both 0 or both 1.

In the serial-to-parallel conversion circuit described above,
when the memory device initially recerving a signal in the
register group latches data at the falling edge of the clock, the
logical circuit may output O when the data 1s O and the strobe
1s 0, may output 1 when the data 1s 1 and the strobe 1s 1, and
may output a previous value when the data and the strobe have
different values from each other.

A third aspect of the present invention 1s a serial-to-parallel
conversion circuit including a clock generator configured to
generate a clock by taking the exclusive OR of received data
and a strobe; a first register group including a plurality of
memory devices, at least the memory device to which a signal
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1s 1nitially 1mput being configured to latch the data at the
falling edge of the clock; a second register group including a
plurality of memory devices, at least the memory device to
which the signal 1s mnitially input being configured to latch the
data at the rising edge of the clock; a first logical circuit
provided at an 1nput side of the first register group and con-
figured to output O when the data 1s 0 and the strobe 15 1, to
output 1 when the data 1s 1 and the strobe 1s 0, and to output
a previous value when the data and the strobe are both 0 or
both 1; and a second logical circuit provided at an input side
of the second register group and configured to output O when
the data 1s 0 and the strobe 1s 0, to output 1 when the data 1s 1
and the strobe 1s 1, and to output the previous value when the
data and the strobe have different values from each other.

With this configuration, the data latched in the memory
device mitially recerving the signal in the first register group
changes at the rising edge of the clock, and that memory
device latches this data at the falling edge of the clock. Simi-
larly, the data latched 1n the memory device initially receiving
the signal 1n the second register group changes at the falling
edge of the clock, and that memory device latches this data at
the rising edge of the clock. Thus, the timing at which the
memory device mitially recerving the signal 1n each register
group latches the data and the timing at which the data latched
in the memory device changes differ by substantially a hali-
period. As a result, 1t 1s possible to reliably read the changed
data mto the memory devices.

A fourth aspect of the present invention 1s a communica-
tion apparatus including the serial-to-parallel conversion cir-
cuit described above.

A fifth aspect of the present invention 1s a program
recorded 1 a computer-readable recording medium for
implementing the above-described serial-to-parallel conver-
s1on circuit with a programmable semiconductor device.

In each of the aspects described above, the register group
may be formed, for example, by connecting a plurality of
memory devices 1n series or in parallel.

Furthermore, the aspects described above can be used 1n
combination within the permissible scope of the invention.

The present mnvention affords an advantage in that it 1s
possible to eliminate a race condition without restricting the
reception speed.

BRIEF DESCRIPTION OF THE SEVERAL
VIEWS OF THE DRAWINGS

FIG. 1 1s a diagram showing, 1n outline, the configuration
ol a senial-to-parallel conversion circuit.

FIG. 2 1s a diagram showing a timing chart of the serial-
to-parallel conversion circuit shown 1 FIG. 1.

FIG. 3 1s a timing chart for explaining a race condition
experienced 1n the serial-to-parallel conversion circuit shown
in FIG. 1.

FIG. 4 1s a diagram showing, 1n outline, the configuration
of a serial-to-parallel conversion circuit according to an
embodiment of the present invention.

FIG. 5 1s a diagram showing an operating rule of a first-
stage D tlip-tlop 1n a first shift register, in the form of a table.

FIG. 6 1s a diagram showing an example configuration of a
logical circuit provided at an input side of the first shiit
register.

FIG. 7 1s a diagram showing an example configuration of
an RS tlip-tlop.

FIG. 8 1s a diagram showing a truth table for the RS tlip-
flop shown 1 FIG. 7.

FIG. 9 1s a diagram showing another example configura-
tion of an RS flip-tlop.
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FIG. 10 1s a diagram showing a truth table for the RS
tlip-tflop shown 1n FIG. 9.

FIG. 11 15 a diagram showing an operating rule of a first-
stage D flip-flop 1n a second shiit register, in the form of a
table.

FI1G. 12 1s a diagram showing an example configuration of
a logical circuit provided at an 1nput side of the second shiit
register.

FI1G. 13 1s a diagram showing a timing chart for the serial-
to-parallel conversion circuit shown in FIG. 4.

FI1G. 14 1s a diagram showing an example when part of the
serial-to-parallel conversion circuit shown in FI1G. 4 1s repre-
sented 1n VHDL.

FIG. 15 1s a diagram showing, in outline, the configuration
ol a general serial-to-parallel conversion circuait.

FIG. 16 15 a diagram showing a timing chart of the senal-
to-parallel conversion circuit shown i FIG. 15.

FI1G. 17 1s a diagram for explaining a race condition expe-
rienced 1n the serial-to-parallel conversion circuit shown in
FIG. 15.

FI1G. 18 15 a diagram for explaining a race condition expe-
rienced 1n the senial-to-parallel conversion circuit shown in
FIG. 15.

FI1G. 19 1s a diagram showing another example configura-
tion of a logical circuit 1n the case where the RS flip-tlop
shown 1n FIG. 7 1s used.

FIG. 20 1s a diagram showing another example configura-
tion of a logical circuit 1n the case where the RS flip-tlop
shown 1n FIG. 9 15 used.

FI1G. 21 1s a diagram showing another example configura-
tion of a logical circuit 1n the case where the RS flip-tlop
shown 1n FIG. 7 1s used.

FI1G. 22 1s a diagram showing another example configura-

tion of a logical circuit 1n the case where the RS flip-tlop
shown 1n FIG. 9 1s used.

DETAILED DESCRIPTION OF THE INVENTION

Embodiments of a method of designing a serial-to-parallel
conversion circuit, a serial-to-parallel conversion circuit
designed thereby, a communication apparatus, and a program
according to the present invention will be described below
with reference to the drawings.

FIG. 1 shows, 1n outline, the configuration of a serial-to-
parallel conversion circuit 1 for a case using a shiit register
formed of a plurality of memory devices connected 1n series
to serve as a register group. As shown 1n FIG. 1, the senal-
to-parallel conversion circuit 1 includes a clock generator 2,
which generates a clock CLK by taking the exclusive OR
(XOR) of data D and a strobe S received from a transmitter
(not shown in the drawing), and first and second shift registers

SF1 and SF2 which latch data in synchronization with the
clock CLK.

The first shift register (first register group) SF1 includes n
stages of D tlip-tflops (memory devices) 10a, 100, . . ., 10%
connected 1n series. The first shift register SF1 1s configured
to latch the data D at the rnising edge of the clock CLK. In the
first shift register SF1, the data D latched 1nto the first-stage D
tlip-flop 10a 1s sequentially latched into the D tlip-tlops
105, ..., 10z 1n the subsequent stages and 1s eventually output
as n-bit parallel data.

The second shift register (second register group) SE2
includes n stages of D flip-tlops (memory devices) 20aq,
200, . .., 20n connected 1n series. The second shift register
SF2 1s configured to latch the data D at the falling edge of the
clock CLK. In the second shift register SF2, the data D

latched into the first-stage D flip-flop 20a 1s sequentially
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6

latched 1nto the D flip-tlops 205, . . ., 207 in the subsequent
stages and 1s eventually output as n-bit parallel data.

This embodiment has been illustrated in terms of an
example 1 which the memory devices are connected 1n
series; however, the memory devices may be connected 1n
parallel. Additionally, the register group in the present inven-
tion 1s not limited to the shift register described above; any
other known configuration that 1s used 1n serial-to-parallel
conversion may be employed.

FIG. 2 shows a timing chart of the serial-to-parallel con-
version circuit illustrated 1in FIG. 1. As shown 1in FIG. 2, the
serial data D 1s latched into the D tlip-tlop 10a 1n the first shift
register SF1 at the rising edge of the clock CLK, and the serial
data D 1s latched into the D flip-flop 20q 1n the second shift
register SF2 at the falling edge of the clock CLK. Thus,
because the senal-to-parallel conversion circuit 1 alternately
latches the serial data D into the first shift register SF1 and the
second shift register SF2 1n synchronization with the rising
edge and the falling edge of the clock CLK, an advantage 1s
alforded 1n that it 1s possible to increase the reception speed.

However, the serial-to-parallel conversion circuit 1 shown
in FIG. 1 sulfers from the so-called race condition problem.

In other words, 1n the serial-to-parallel conversion circuit 1
shown 1 FIG. 1, there 1s no guarantee of the clock CLK
reaching the D tlip-tflops 10a and 20q after the data D changes.
Thus, as shown 1n FIG. 3, when the clock CLK reaches the D
tlip-tflops 10a and 20a earlier than the data D, the data D
betfore the change 1s latched 1nto the D flip-flops 104 and 20a,
causing a difference between the original data to be latched
and the data actually latched.

In order to avoid such a race condition, 1n the method of
designing a serial-to-parallel conversion circuit according to
this embodiment, the following logical circuit 1s provided.

Specifically, focusing on the operation of the first-stage D
flip-flop 10a 1n the first shift register SF1, first a rule 1s
determined based on the fact that the logical values of the data
and the strobe are guaranteed not to change substantially
simultaneously when this D thp-flop 10a holds data, then a
logical circuit (first logical circuit) that performs output con-
forming to this rule 1s provided at the input side of the first
shift register SF1, and of the n stages of D tlip-flops 10a to 10%
constituting the first shift register SF1, the data latch timing of
at least the first-stage D flip-tlop 10a 1s shifted by a hali-
period; in other words, the data D 1s latched at the falling edge.

Similarly, focusing on the operation of the first-stage D
tlip-flop 20a 1n the second shift register SF2, a rule 1s deter-
mined based of the fact that the logical values of the data and
the strobe are guaranteed not to change substantially simul-
taneously when this D thp-flop 20a holds data, then a logical
circuit (second logical circuit) that performs output conform-
ing to this rule 1s provided at the input side of the second shift
register SF2, and of the n stages of D flip-flops 20a to 20
constituting the second shift register SF2, the data latch tim-
ing of at least the first-stage D tlip-flop 20a 1s shifted by a
half-period; 1n other words, the data D 1s latched at the rising,
edge.

Accordingly, for example, the serial-to-parallel conversion
circuit 1 shown 1in FIG. 1 becomes a serial-to-parallel conver-
sion circuit 1' like that shown 1n FIG. 4.

In FIG. 4, reference numeral 30 1s a logical circuit (first
logical circuit) that performs output according to the operat-
ing rule of the D thp-flop 104, and reference numeral 40 1s a
logical circuit (second logical circuit) for performing output
according to the operating rule of the D tlip-tlop 20q. Invert-
ing circuits 50a to 50z for inverting the clock CLK are respec-
tively provided 1n clock mput lines of the D tlip-tlops 10a to
107 constituting the first shift register SF1. Accordingly, the
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D flip-tlops 10a to 10z sequentially latch data Deven output
from the logical circuit 30 at the falling edge of the clock
CLK.

By eliminating the inverting circuits from the clock input
lines of the D thip-tflops 20a to 20x constituting the second
shift register SF2, the data latch timing of the D flip-flops 20a
to 207 1s the rising edge of the clock CLK.

Next, the logical circuit 30 will be described 1n detail.

First, focusing on the operation of the D thip-tflop 10a
shown 1n FI1G. 1, the data D 1s latched at the rising edge of the
clock CLK, and the latched data D 1s held until the next rising
edge of the clock CLK. The clock CLK rises, 1n other words
the output of the exclusive OR (XOR) goes to “1”°, when the
data D 1s “1”” and the strobe S 1s “0’, and when the data D 1s
“0” and the strobe S 15 “1”°. The output of the exclusive OR
(XOR) goes to “0” when the data D and the strobe S have the
same values. FIG. 5 shows the operating rule of the D flip-flop
10a described above.

As can be seen from FIG. 5, when the data D 1s “0”” and the

strobe S 1s “17, the data D to be mput to the D flip-flop 10a 1s
always “0”; and when the data D 1s “1”” and the strobe S 15 “0”,

the data D to be input to the D flip-flop 10a 1s always “1”. In
other cases, the previous value Z(1-1) 1s preserved.

FIG. 6 shows an example configuration of the logical cir-

cuit 30 generating an output conforming to the rule shown 1n
FIG. 8.

As shown 1n FIG. 6, the logical circuit 30 includes a latch
circuit 31 having two iput terminals LD and LG and one
output terminal L.Z. The data D 1s input to the input terminal
LD of the latch circuit 31, and a signal obtained by taking the
exclusive OR of the data D and the strobe S 1s mnput to the
input terminal LG thereof.

With this configuration, when the values of the data D and
the strobe S are different, the data D 1s output from the output
terminal LZ, and when the values of the data D and the strobe
S are the same, the previous value Z(1-1) 1s preserved.

The logical circuit 30 1s not limited to the example con-
figuration described above; 1t can be easily realized by com-
binational logic. For example, as shown 1n FIGS. 19 and 20,
it can easily be realized by using an RS flip-tlop (RS latch) or
the like such as those shown 1n FIGS. 7 and 9. FIG. 8 shows
a truth table of the RS flip-flop illustrated 1n FI1G. 7, and FIG.
10 shows a truth table of the RS flip-flop 1llustrated in FIG. 9.

Next, the logical circuit 40 will be described 1n detail.

Focusing on the operation of the D flip-flop 20a, the data D
1s latched at the falling edge of the clock CLK, and the latched
data D 1s held until the next falling edge of the clock CLK. The
clock CLK {falls, 1n other words the output of the exclusive OR
(XOR) goes to “0””, when the data D 1s “0” and the strobe S 1s
“0”, and when the data D 1s “1” and the strobe S 15 “1”. The

output of the exclusive OR (XOR) goes to “0” when the data
D and the strobe S have different values. FIG. 11 shows the

operating rule of the D flip-flop 20a described above.

Ascan be seen from FIG. 11, when the data D 1s “0”” and the
strobe S 15 “07, the data D to be mput to the D flip-tlop 20a 1s
always “0”; and when the data D 1s “1”” and the strobe S 1s “17,
the data D to be input to the D flip-flop 20a 1s always “1”. In
other cases, the previous value Z(1-1) 1s preserved.

FIG. 12 shows an example configuration of the logical

circuit 40 generating an output conforming to the rule shown
in FIG. 11.

As shown 1n F1G. 12, the logical circuit 40 includes a latch
circuit 41 having two iput terminals LD and LG and one
output terminal LZ. This latch circuit 41 has the same con-
figuration as the latch circuit 31 shown in FIG. 6, for instance.
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Thedata D 1s input to the input terminal LD of the latch circuit
41, and a signal obtained by inverting the exclusive OR of the
data D and the strobe S 1s mput to the input terminal LG
thereof.

With this configuration, when the values of the data D and
the strobe S are the same, the data D 1s output from the output
terminal L.Z, and when the values of the data D and the strobe
S are different, the previous value Z(T-1) 1s preserved.

The logical circuit 40 1s not limited to the example con-
figuration described above; 1t can be easily realized by com-
binational logic. For example, as shown 1n FIGS. 21 and 22,
it can easily be realized by using an RS flip-tlop (RS latch) or
the like, such as those shown 1n FIGS. 7 and 9.

FIG. 13 shows a timing chart of the serial-to-parallel con-
version circuit shown 1n FIG. 4, 1n other words, the serial-to-
parallel conversion circuit according to an embodiment of the
present 1nvention.

As shown 1n FIG. 13, substantially a half-period before the
falling edge of the clock CLK, the output Deven of the logical
circuit 30 has already changed 1n response to the data D, and
the output Deven 1s preserved until the next rising edge of the
clock CLK. Therefore, even 1f the phase of the clock CLK
shifts to some extent due to transmission line factors etc., the
D flip-flop 10a can reliably latch the data to be latched.
Likewise, substantially a half-period before the rising edge of
the clock CLK, the output Dodd of the logical circuit 40 has
already changed according to the data D, and the output Dodd
1s preserved until the next falling edge of the clock CLK.
Therefore, even 11 the phase of the clock CLK shiits to some
extent due to transmission line factors etc., the D tlip-tlop 20a
can reliably latch the data to be latched.

As described above, with the sernal-to-parallel conversion
circuit 1' and the method of designing a serial-to-parallel
conversion circuit according to this embodiment, because the
timing at which the data changes and the timing at which the
data 1s latched are shifted by a half-period, as shown 1n FIG.
13, 1t 1s possible to reliably latch the changed data into the
first-stage tlip-tlops 10a and 20a. Accordingly, 1t 1s possible
to eliminate the race condition problem.

Furthermore, because no delay circuits are employed, it 1s
possible to easily realize the serial-to-parallel conversion cir-
cuit according to this embodiment with general-purpose pro-
grammable semiconductor devices such as CPLDs (Complex
PLDs), FPGAs (Field Programmable Gate Arrays), etc. Addi-
tionally, by eliminating the race condition problem using a
method other than delay circuits, the reception speed 1s not
restricted, and 1t 1s thus possible to achieve high-bit-rate com-
munication that 1s optimal for the prevailing communication
environment.

In the embodiment described above, an n-bit shuft register
1s constructed using D flip-tlops; however, the shiit register
configuration 1s not limited thereto. For example, 1t 1s possible
to construct the shift register using other types of memory
device, such as JK flip-flops or the like.

Also, the individual memory devices constituting the shiit
register need not always latch the data at the same timing. For
example, 1t1s also possible to use a configuration in which the
first-stage tlip-tlop 10a latches the data Deven at the falling
edge of the clock CLK 1n FIG. 4, whereas the other tlip-tlops
105 to 10# latch the data from the first-stage flip-tlop 10a at
the rising edge of the clock CLK.

Although this embodiment has been 1llustrated using the
case of a shift register as an example, the serial-to-parallel
conversion circuit may be constructed using other types of
registers.

The serial-to-parallel conversion circuit 1' according to the
embodiment described above 1s suitable for use in communi-
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cation devices. Examples of such communication devices
include routers, data communication terminals between com-
puters, data communication terminals between devices, com-
munication devices for remote sensing, and communication
devices for data storage. The communication devices are not
limited to terrestrial devices, but also include devices used in
various environments, such as space.

In the case where the serial-to-parallel conversion circuit 1'
according to the embodiment of the present invention shown
in F1G. 4 1s realized by general-purpose programmable semi-
conductor devices such as CPLDs (Complex PLDs) and
FPGAs (Field Programmable Gate Arrays), hardware design
1s performed using a hardware description language or the
like. Examples of such a hardware description language
include VHDL or Verilog HLD.

FIG. 14 shows one example when part of the serial-to-
parallel conversion circuit 1' 1s represented mn VHDL. By
performing programming using a hardware description lan-
guage such as VHDL in this way, 1t 1s possible to easily realize

the serial-to-parallel conversion circuit 1' according to the
embodiment shown 1in FIG. 4. In FIG. 14, the flip-tlop 10qa

shown in FI1G. 4 1s represented by “FF0”, and the flip-tlop 105
1s represented by “FF2”.

While the embodiment of the present mvention has been
described above with reference to the drawings, the specific
configuration 1s not limited to this embodiments. Design
changes and other modifications are possible so long as they
do not depart from the spirit of the invention.

What 1s claimed 1s:

1. A method of designing a serial-to-parallel conversion
circuit including a clock generator configured to generate a
clock by taking the exclusive OR of received data and a
strobe, and a register group including a plurality of memory
devices sequentially latching the data in synchronization with
a rising edge and a falling edge of the clock, the method
comprising:

determining a rule on the basis of the fact that logical values

of the data and the strobe are guaranteed not to change
substantially simultaneously when the memory devices
of the register group latch the data and when the memory

devices hold the data;

providing a logical circuit configured to generate an output
conforming to the rule at a data input side of the register
group; and

delaying data latch timing of the memory devices later than

timing at which data mput to the memory devices
changes.

2. A method of designing a serial-to-parallel conversion
circuit according to claim 1, wherein when the memory
device initially recerving a signal 1n the register group latches
the data at the rising edge of the clock, the logical circuit
outputs 0 when the data 1s 0 and the strobe 1s 1, outputs 1 when
the data 1s 1 and the strobe 1s 0, and outputs a previous value
when the data and the strobe are both O or both 1.

3. A method of designing a serial-to-parallel conversion
circuit according to claim 1, wherein when the memory
device mnitially recerving a signal 1n the register group latches
the data at the falling edge of the clock, the logical circuit
outputs 0 when the data 1s 0 and the strobe 1s 0, outputs 1 when
the data 1s 1 and the strobe 1s 1, and outputs a previous value
when the data and the strobe have different values from each
other.

4. A method of designing a serial-to-parallel conversion
circuit according to claim 1, further comprising;:

setting a timing at which an output from the logical device

1s latched by the memory device to an edge after a
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half-period of the clock generated by taking the exclu-
stve OR of the recetved data and strobe.

5. A serial-to-parallel conversion circuit comprising:

a clock generator configured to generate a clock by taking
the exclusive OR of received data and strobe;

a register group including a plurality of memory devices
and configured to sequentially latch the data 1n synchro-
nization with a rising edge and a falling edge of the
clock: and

a logical circuit, provided at a data input side of the register
group, configured to generate an output conforming to a
rule based on the fact that logical values of the data and
the strobe are guaranteed not to change substantially
simultaneously when the memory devices of the register
group latch the data and when the memory devices hold
the data,

wherein data latch timing of the memory devices 1s delayed
later than timing at which data output from the logical
circuit changes.

6. A serial-to-parallel conversion circuit according to claim
5, wherein a timing at which the output from the logical
circuit 1s latched by the memory devices 1s set to an edge after
a half-period of the clock generated by taking the exclusive
OR of the recetved data and strobe.

7. A senial-to-parallel conversion circuit according to claim
5, wherein:

when the memory device mitially recerving a signal 1n the
register group latches the data at the rising edge of the
clock, the logical circuit outputs 0 when the data1s 0 and
the strobe1s 1, outputs 1 when the data 1s 1 and the strobe
1s 0, and outputs a previous value when the data and the
strobe are both O or both 1.

8. A serial-to-parallel conversion circuit according to claim
5, wherein:

when the memory device mitially recerving a signal 1n the

register group latches data at the falling edge of the
clock, the logical circuit outputs 0 when the data1s O and
the strobe1s 0, outputs 1 when the data 1s 1 and the strobe

1s 1, and outputs a previous value when the data and the
strobe have different values from each other.

9. A serial-to-parallel conversion circuit comprising:

a clock generator configured to generate a clock by taking
the exclusive OR of received data and a strobe;

a first register group including a plurality of memory
devices, at least the memory device to which a signal 1s
mitially mput being configured to latch the data at the
falling edge of the clock;

a second register group including a plurality of memory
devices, at least the memory device to which the signal 1s

iitially mput being configured to latch the data at the
rising edge of the clock;

a first logical circuit provided at an mput side of the first
register group and configured to output 0 when the data
1s 0 and the strobe 1s 1, to output 1 when the datais 1 and
the strobe 1s 0, and to output a previous value when the
data and the strobe are both O or both 1; and

a second logical circuit provided at an input side of the
second register group and configured to output 0 when
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the data 1s 0 and the strobe 1s 0, to output 1 when the data 11. A program recorded 1n a computer-readable recording
1s 1 and the strobe 1s 1, and to output the previous value medium for implementing a serial-to-parallel conversion cir-

[

when the data and the strobe have different values from cuit according to claim 5 with a programmable semiconduc-
cach other. tor device.

10. A communication apparatus comprising a serial-to- 5
parallel conversion circuit according to claim 5. * k% k%
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